Abstract Health-related quality of life (QoL) is an important and widely used outcome measure in cardiac populations. We examined the relationship between positive affect and health-related quality of life, controlling for traditional cardiovascular risk factors, clinical variables and negative affect. We further investigated the role of gender in this relationship given the well-known gender differences in cardiovascular health.
Introduction
Several psychosocial risk factors have been identified which may contribute to the development and recurrence of cardiovascular disease (CVD), including myocardial infarction (MI). Depression (Barth, Schumacher, & Hermann-Lingen, 2004) , anxiety (Roest, Martens, Denollet, & de Jonge, 2010) , hostility (Chida & Steptoe, 2009 ), vital exhaustion (Melamed, Shirom, Toker, Berliner, & Shapira, 2006) and type D personality (Denollet, Schiffer, & Spek, 2010) all may increase the risk for cardiac events. Comparably little attention has been paid to psychosocial factors which may protect from CVD (Chida & Steptoe, 2008) . Especially positive affect has been demonstrated to have a favorable effect on survival after MI, even when controlling for traditional cardiovascular risk factors and negative affect in recent meta-analysis and reviews (Brummett et al., 2005; Chida & Steptoe, 2008; Denollet et al., 2010) . Positive affect is commonly defined as a pleasurable engagement with the environment eliciting feelings such as happiness, joy, excitement, enthusiasm and contentment (Watson & Pennebaker, 1989) . It reflects not the mere opposite of negative affect, as a person can experience positive and negative affect simultaneously (Versteeg et al., 2009) . In the present study, we will use positive affect as a state as opposed to a trait being aware that this distinction is not consistently applied in the literature (Chida & Steptoe 2008) .
In cardiac populations, health-related quality of life (QoL) is an important outcome measure comprising the subjective appraisal of a person's mental, physical and social functioning (Fortin, Dubois, Hudon, Soubhi, & Almirall, 2007) . A major goal of cardiac rehabilitation programs is to improve patient's QoL (Hevey, Mc Gee, & Horgan, 2004) . Also in terms of long-term prognosis, selfreported QoL is an important predictor of mortality and hospitalizations due to recurrent cardiac events (Mommersteeg, Denollet, Spertus, & Pedersen, 2009; Rumsfeld et al., 1999; Spertus, Jones, McDonell, Fan, & Fihn, 2002) .
A variety of factors are known to negatively impact QoL (Beck, Joseph, Bélisle, & Pilote, 2001; Höfer et al., 2005) , but there is a lack of knowledge concerning the influence of protective factors, such as positive affect. Two studies (Versteeg et al., 2009; Spindler, Denollet, Kruse, & Pedersen, 2009 ) found a positive relationship between positive affect and both mental and physical QoL in patients with CVD and chronic heart failure, independent of covariates. These relationships were observed cross-sectionally (Spindler et al., 2009 ) as well as 12 months after a coronary intervention (Versteeg et al., 2009) . However, these studies did not control for ventricular function (Versteeg et al., 2009) and coronary artery bypass graft (CABG) surgery (Spindler et al., 2009) . Several studies report on the association between QoL and sociodemographic variables (Denvir et al., 2006; Höfer et al., 2005) , cardiovascular risk factors (Fortin et al., 2007) and severity of disease (Beck et al., 2001; Pettersen, Kvan, Rollag, Stavem, & Reikvam, 2008) . Therefore, it is important to control for these potential biomedical and psychosocial confounds when postulating an independent association between positive affect and QoL in cardiac rehabilitation. Different pathways have been proposed which may link positive affect to health in general, including shared genetic factors and favorable health behaviors due to higher positive affect (Steptoe, Dockray, & Wardle, 2009 ). Psychobiological mechanisms, including neuroendocrine and inflammatory processes might also account for some of the associations. Finally, positive affect might be a marker of other psychosocial factors. Some authors (Garavalia et al., 2007) posit a perspective of ''affect as information'', which describes the process of using affective states as an informational basis to evaluate subjective QoL. According to this notion, a greater amount of positive affect would also prompt a person to report on better QoL.
Studies in cardiac rehabilitation find differences between men and women in terms of cardiovascular prognosis and also gender differences in psychosocial benefit drawn from rehabilitation (Barth et al., 2009; Bjarnason-Wehrens, Grande, Loewel, Völler, & Mittag, 2007) . Although the incidence of CVD is higher among men than women, women show a higher mortality rate, more mental comorbidities and worse recovery from MI (Garavalia et al., 2007) . One study showed that men and women differ in recovery goals after MI (Grande & Romppel, 2011) which may help to explain gender differences in the satisfaction with rehabilitation programs. Gender differences in cardiac event rates need to consider that women tend to be several years older than men at the time of clinical onset of CVD (Bjarnason-Wehrens et al., 2007) .
The aim of this study was to further elucidate the association between positive affect and QoL in patients with coronary heart disease (CHD). We hypothesized, that positive affect would be an independent positive predictor of QoL, after controlling for demographic variables, traditional cardiovascular risk factors, clinical variables and negative affect. Such an association might inform future intervention studies aimed at improving QoL through targeting positive affect. Given the importance of gender differences in cardiovascular health, we additionally investigated the role of gender in the relationship between positive affect and QoL.
Method

Participants and Study Design
Study participants were all part of an outpatient cardiovascular rehabilitation program at the University Hospital Bern, Switzerland. A total of 746 patients with a diagnosis of CHD completed the questionnaires in the first week of an 8-to 12-week comprehensive cardiac rehabilitation program tailored for patients with CHD, which was the primary diagnosis for referral to the program. The study protocol was approved by the institutional review board. Patients were included in the study if they had an angiographically confirmed coronary 1-, 2-or 3-vessel disease (minimal stenotic diameter 50 %) and participated in the program between January 2004 and December 2010. All included patients had stable CHD, twenty-six patients were excluded due to concomitant cancer or chronic obstructive pulmonary disease because both these diseases may substantially influence health-related QoL (Di Bonaventura et al. 2012; Ernst, Götze, Brähler, Körner, & Hinz, 2012) . Demographic and medical data were obtained through a history and physical exam at the beginning of the rehabilitation program and from hospital charts.
Main Outcome Measures
Patients completed a German version of the Global Mood Scale (GMS) (Denollet, 1993) . Subjects have to rate 20 mood items on a 5 point Likert scale according to their appearance in the last week ranging from zero to 4 (0 = not at all to 4 = extremely). Typical items are ''cheerful'', ''lively'', and ''dynamic'' for positive mood and ''fatigued'', ''wearied'', and ''worn out'' for negative mood. The positive mood subscale comprises 10 items and the negative mood subscale also comprises 10 items. Each subscale yields a sum score between 0 and 20 points. The internal consistency of the GMS is considered to be good (Cronbach's a = .92) (Spindler et al., 2009 ). In our sample, we found comparable values for Cronbach's a (positive affect a = .92, negative affect a = .93). The GMS has been validated in cardiac populations, showing a good responsiveness for changes in mood during cardiac rehabilitation programs (Hevey et al., 2004) . The two factorial structure of the GMS has also been confirmed (Denollet, 1993) .
Health-related QoL was assessed with the German version of the SF-36 Health Survey (Bullinger et al., 1998; Ware & Sherbourne, 1992) . The 36 items reflect the 8 scales: physical functioning, role-physical, bodily pain, general health, vitality, social functioning, role-emotional and mental health (Ware & Gandek, 1998) . As previously described (Ellert & Kurth, 2004) , sum scores for mental and physical QoL were computed by first transforming the raw scores into a range with a minimum of 0 and a maximum of 100. The scores were then z transformed and multiplied by the American coefficients for the mental and physical factor and summed up. At last, the scores were t-transformed (stanine). Ware and Gandek (1998) report good reliabilities of the physical and the mental sum score with Cronbach's a around .90.
Statistical Analysis
Data were analyzed using PASW 17.0 statistical software package (SPSS Inc., Chicago, IL). Between 0 and 9 % of variables used for the present study were missing. We applied the expectation maximum algorithm in order to achieve a complete data set (Do & Batzoglou 2008; Enders, 2006) . Normal distribution was verified with the Kolmogorov Smirnoff test. Patient characteristics were analyzed applying a median split on positive affect scores. The two groups below and above the median were compared using independent sample t test, Mann-Whitney test and Chi-square test for continuous and categorical variables, respectively. Significance level was set at p \ .05 (2-tailed).
We applied multiple regression analysis, using forced entry, in order to detect the contribution of positive affect to health-related QoL independent of sociodemographic variables, traditional cardiovascular risk factors, clinical variables, and negative affect. Assumptions of linearity, homoscedasticity and independence of errors were assured using scatter plots and curve estimations. We computed two regression equations, each with mental QoL and physical QoL as the outcome variable. As a first step we entered the a priori defined control variables age, gender and education into the model. In a second step we entered traditional risk factors (body mass index, hypertension, dyslipidemia, diabetes, smoking, family history) and in the third step clinical variables (left ventricular ejection fraction (LVEF), number of diseased vessels, CABG, previous MI). Last, negative and positive affect were entered into the equation. Unstandardized b coefficients, standard errors of the mean (SEM) and changes in R 2 (explained variance) of each step are displayed with p-values. Effect sizes are expressed as b coefficients.
In order to test a moderator hypothesis for gender in the relationship between positive affect and QoL, we additionally entered the interaction term of gender and positive affect in the fifth step. The variables were centered to the mean before multiplication to reduce problems with multicollinearity. A significant interaction would indicate that the relationship between positive affect and QoL depends on gender (i.e. different in female and male patients) (Baron & Kenny, 1986) . Table 1 shows the sample characteristics of all patients with CHD and for patients stratified by the median split on scores for positive affect. The majority of eligible patients (N = 746) were men (81.6 %) and significantly more men than women scored above the median on the positive affect scale (x 2 (1) = 11.52, p \ .001). Age and the frequency of traditional cardiovascular risk factors did not significantly differ between patients with high versus those with low levels of positive affect, whereas educational level significantly differentiated between groups. Whereas a greater proportion of patients with primary school or college/university degree scored below the median, more patients with a vocational training scored above the median. About twothirds of patients had a previous MI, which, however, did not distinguish patients in terms of positive affect. A significant difference was found with respect to CABG surgery in that patients with higher positive affect had undergone significantly less frequently bypass surgery than patients with lower positive affect. In terms of CHD severity, patients with high positive affect were similar to patients with low positive affect with respect to STEMI versus non-STEMI infarction (x 2 (1) = 0.000, p = .99) and the number of diseased coronary vessels. Cardiac medications did not significantly differentiate patients in terms of positive affect. Patients with high positive affect showed a significantly lower level of negative affect than those with low positive affect.
Results
Patient Characteristics
Regression Analysis for Mental and Physical HealthRelated Quality of Life As shown in Table 2 , with the mental QoL sum score as outcome, age and gender each made a significant contribution in step 1, accounting for 4.0 % of the variance. When the cardiovascular risk factors were entered in step 2, only the risk factor smoking was significant such that smokers had 2 points less on the mental QoL sum score compared to no smokers (p \ .01). BMI, hypertension, hypercholesterolemia, diabetes and family history were all not significantly associated with mental QoL. In step 3, clinical variables were added as predictors to the model. None of the clinical variables was significantly associated with mental QoL. Negative and positive affect were additionally entered in step 4. In this step, LVEF and CABG surgery became significant correlates of mental QoL. Those patients who had undergone CABG surgery, had almost 3 points greater mental QoL than those who did not have CABG surgery (p \ .001). Negative affect was a significant and negative predictor of mental QoL (b = -0.432, p \ .001). After controlling for negative affect, the contribution of positive affect to mental QoL remained significant (b = 0.516, p \ .001). By adding negative and positive affect together to the model in step 4, the model explained an additional 43.2 % of the mental QoL sumscore. Positive affect alone explained 7.7 % (p \ .001) of the variance, after controlling for all other covariates. Table 3 shows the hierarchical regression analysis for the physical QoL sum score. Control variables accounted for 4.6 % of the variance in step 1, with older age (b = -0.127, p \ .001) being associated with lower physical QoL and with men reporting better physical QoL than women. A higher degree of education was significantly 14.4 ± 8.5 19.5 ± 7.4 9.9 ± 6.7 .000
Positive affect 22.6 ± 7.5 16.4 ± 5.4 28.0 ± 4.3 .000 associated with greater physical QoL (b = 1.748, p \ .01).
Step 2 revealed that patients suffering from diabetes reported a more than two-fold lower physical quality of life than those without diabetes (p \ .05).
Step 3 accounted for an additional 7.1 % of the variance. LVEF was directly associated with better physical health (b = .089, p \ .05), whereas CABG surgery contributed significantly negative to the outcome (b = -4.776, p \ .001), which is contrary to the mental QoL sum score. Patients with previous MI reported lower physical QoL than patients with no such history (b = -3.013, p \ .001). As with self-reported mental QoL, negative affect was predictive for poorer physical QoL (b = -0.489, p \ .001). Independent of all risk factors, clinical variables and negative affect, greater positive affect (b = 0.251, p \ .001) contributed significantly to better physical QoL, explaining 1.9 % (p \ .001) of the variance (to compare: CABG surgery alone accounted for 0.8 % of the total variance in physical QoL). There was no significant interaction between positive and negative affect for both health-related mental QoL (p = .091) and physical QoL (p = .301).
Moderation Hypothesis
We explored, whether the relationship between positive affect and QoL would depend on gender. With physical QoL as dependent variable, the interaction term between positive affect and gender turned out to be significant (p = .009). In the men, positive affect contributed significantly to physical QoL (b = 0.311, p \ .001) explaining 2.3 % of the variance. However, positive affect was not significantly associated with physical QoL in women (b = 0.08, p = .44). Figure 1 displays the scatter plot for the uncontrolled interaction between positive affect and gender with regard to physical QoL. There was no significant interaction between positive affect and gender for mental QoL (p = .60).
Discussion
The current study aimed to identify the association of positive affect with physical and mental QoL and to what extent this relationship would be independent of traditional cardiovascular risk factors, clinical variables and negative affect in a sizeable sample of patients with CHD entering cardiac rehabilitation. Positive affect emerged as an independent predictor of both mental QoL and physical QoL. Independent of all entered control variables, positive affect explained 1.9 % respectively 7.7 % in physical and mental QoL, indicating that the appraisal of a CHD patient's health-related QoL is related to positive affect (Kuppens et al., 2008; Sullivan, LaCroix, Russo, & Walker, 2001 ). These results are in line with previous findings of positive Table 2 Hierarchical multiple regression analysis with the mental QoL sumscore as outcome
Variables entered
Step 1 Step 2 Step 3 Step 4 (Versteeg et al., 2009; Spindler et al., 2009) . In our study, we specifically controlled for sociodemographic variables, traditional cardiovascular risk factors and CHD disease severity. We also found that negative affect was an independent predictor of mental QoL as well as physical QoL when taking positive affect into account. This result is in line with other studies, reporting on the individual contribution of positive and negative affect to health related QoL (Denollet, 1993; Versteeg et al., 2009) . While negative affect is a dimension of distress, positive affect is rather understood as a dimension of energy, excitement and enthusiasm (Watson & Pennebaker, 1989) . We measured positive affect as a state and patients were asked only about their affect in the last 7 days which might not reflect the usual or more traitlike positive mood level of patients. However, Watson & Pennebaker (1989) pointed out that persons with high trait positive affect are also more likely to experience states of positive affect. Interestingly, we could not replicate the moderator effect (Versteeg et al., 2009; Sullivan et al., 2001 ) of positive affect for the relationship between negative affect and QoL. This could be interpreted as further evidence of the independence of the two affective systems from each other. Among the sociodemographic variables, age emerged as a significant predictor, with older patients reporting better mental QoL but worse physical QoL. This interesting finding might warrant further research to better understand the mental resilience in the face of physical decline in older patients attending outpatient cardiac rehabilitation. Patients with a higher educational degree reported better physical QoL, but no relationship occurred with regard to mental Step 1 Step 2 Step 3 Step 4 QoL. This result could be explained by the findings that education improves health and QoL indirectly through economic conditions, social resources, working conditions and a healthy lifestyle (Ross & Wu, 1995) . Among the risk factors, only smoking appeared to be related to QoL with smokers reporting lower mental QoL, but similar physical QoL as non-smokers. Because of the cross-sectional design of the study, no causal conclusions can be drawn, but several studies show a positive association between impaired mental health and smoking (Alvarado & Breslau, 2005; Marinho, Blay, Andreoli, & Gastal, 2008) . Our result also concurs with the extensive literature on the relationship between smoking and depression in patients with a CHD (Freedland, Carney, & Skala, 2005) . Surprisingly, LVEF was inversely related to mental QoL, a finding which is contrary to previous research showing none (Crilley & Farrer, 2001) or positive associations between LVEF and mental QoL (Coyne et al., 2000; Pettersen et al., 2008) . Possibly, unmeasured third variables account for this association. As the relationship between LVEF and mental QoL only became significant after positive and negative affect were controlled for in the last step of the model, it could be that it is not mental QoL as a whole construct but rather its sub-factors short of affect relating to better LVEF. However, more sophisticated approaches like factor analysis would be needed to disentangle these likely complex intercorrelations. LVEF might also be a suppressor variable, accounting for artifact variance from the other entered predictor variables. As expected, patients with a higher LVEF reported better physical QoL. Considering CABG surgery as an indicator of severity of disease, the result that patients who had undergone surgery reported a better mental QoL may seem puzzling. However, explanations for this finding might be that patients are delighted to have survived the surgery or that they feel the surgery will protect them against future cardiac events. We also found that physical QoL was inversely associated with CABG surgery a finding that might reflect sequelae of the surgery like pain, fatigue, and wound healing disturbances. Their impact on mental health might depend on the stage of recovery from surgery. However, there were no significant correlations between time elapsed since CABG surgery and positive affect, negative affect as well as mental and physical QoL (data not shown) suggesting that time elapsed since surgery did not evidently influence the results from our study. Patients with a previous MI reported lower physical QoL. This might be associated with the experience of pain and physical deconditioning and impaired physical health in general.
In exploratory analysis we could show that the relationship of positive affect and physical QoL was moderated by gender. While positive affect showed a direct correlation with physical QoL in men, no such association could be observed in women. These results point out that a substantial amount of either good or poor physical QoL in male patients with CHD can be explained by the presence or absence, respectively, of positive affect. Interestingly, the amount of the variance in physical QoL that remained unexplained was higher in women than in men. A possible explanation for this finding might be that women suffer from more severe aftermath in the wake of the cardiac event, which could predict physical QoL stronger in women than in men (Emery et al., 2004) . One study (Mortensen et al., 2007) found that women suffered from more angina and dyspnea one month after MI and that they also reported more physical symptoms than men. Barth et al. (2009) emphasized that after a cardiac event, women tend to continue with their usual chores at home, while men do not usually resume their gainful occupation; therefore, the women's behavior might lead to a comparably higher workload. With regard to mental QoL, we found no moderation effect. The mental QoL in men and women was equally explained by the amount of positive affect.
Our study has several limitations. The cross-sectional and observational design of the study prohibits any conclusion about causal relationships between the control variables, positive affect and health-related QoL. Only a prospective design might reveal whether health-related QoL is causally determined by positive affect or vice versa. Further, we enrolled patients who agreed and were able to participate in an outpatient cardiac rehabilitation program, which may have led to a self selected population. For instance, the level of symptoms, well-being and motivation might differentiate participants from non-participants. We did not control for additional physical and psychiatric comorbidities and psychosocial risk factors of CVD in our analysis, for instance low social support and chronic stress of informal caregiving to a family member. Although these psychosocial risk factors will inevitably elicit affective states that overlap with constructs of negative and positive affect used in our study (Smith, 2011) , this also leaves open the possibility that such factors had considerably accounted for some of the relationship between positive affect and QoL. In addition, the use of antidepressants was not systematically recorded in hospital charts.
In conclusion, our study confirms the positive relationship of positive affect with health-related QoL in cardiac patients. Objective medical factors such as the severity of CHD contributed comparably little to health-related QoL, but more so to physical QoL than to mental QoL. Comprehensive cardiac rehabilitation programs might be particularly effective in terms of improving mental QoL if they consider the building up of low positive affect levels, through for instance encouraging patients to participate in pleasurable activities, social contacts and cognitive behavioral psychotherapy (Fava & Tomba, 2009) . To support such an assumption the development and randomized control testing of appropriate interventions targeting positive affect would be required. For instance, previous studies outside cardiac rehabilitation showed that positive affect can be increased through means like mindfulness meditation or relaxation training (Jain et al., 2007) . Also a new avenue of psychotherapy research specifically focuses on cultivating positive emotions, behaviors or cognitions (Sin & Lyubomirsky, 2009) . Results are promising, showing favorable effects on general well-being and depression, but further research on this in the field of cardiac rehabilitation is clearly needed.
